Abstract. Studies of past emergency events indicate that evacuating occupants often exhibit 6 social behaviors that affect the evacuation process. This paper describes a multi-agent based 7 simulation tool which enables the modeling of social behaviors during evacuation. In this 8 modeling framework, each agent has a three-level representation that allows users to incorporate 
Introduction

22
 Particle systems consider each individual in the crowd as self-driven particle subject to social simulate virtual crowds with user-specified or default behavioral rules. demonstrated the ability of a multi-agent based approach for simulating some common emergent 178 social behaviors such as competitive, herding and queuing behavior. In the following sections, 179 we first provide an overview of the simulation framework and describe each major component of 180 the system. We then discuss the parameters used to model human behaviors in egress, followed 181 by the methodology used to model occupants' behaviors in an emergency situation. 
210
 The Visualizer, currently implemented using OpenGL, receives the positions of agents and 211 then dynamically generates and displays simulation results as 2D/3D visual images.
212
 The Agent Behavior Models Database contains the individual, group, and crowd behavioral 213 models. In our prototype, we have defined a set of default models that an agent can choose 214 for decision making. New behavioral models can be created and included in addition to the 215 default models to investigate a wider range of behaviors under different scenarios. Database. It keeps track of the simulation and records and retrieves information from the each time step, an agent perceives the information about the situation, interprets the 221 information, chooses behavioral models, and executes the decision through its movement.
222
The generated results are sent to the Event Recorder and Visualizer. attempt to search for the missing members. In the current prototype, we implement three typical 314 group behaviors, namely, leader following, group member following, and group member seeking.
315
Each of these behaviors is defined by a set of decision rules, as shown in Table 1 Our model implements the group members' influence on an agent's exit route choice as a three- iterates through each agent and determines their best position in the crowd using heuristic search.
388
The agents with higher social order will search for their optimal move first in the module. A 389 high value of social order also leads to a reduced interpersonal distance tolerance, which results 390 in a larger potential movement zone for the agent during its search for the next move. 
A benchmark simulation scenario
Baseline comparison results
424
The purpose of establishing the base models is to test that simulation results generated by our 
470
 The population consists of 70% male and 30% female.
471
 Occupants' spatial distribution follows the empirical study reported by Aguirre el at. agents and the second set assigns a higher social order, i.e., higher moving priority, to the special 540 type of agents. As shown in Figure 9 , the evacuation time increases as special (needy) agents are 541 assigned with higher speed reduction. Furthermore, the lengthening in evacuation time is more 542 significant when the special (needy) agents have a higher moving priority over the other agents. In this paper, we have described an ongoing research effort in developing a modular and flexible 547 computational framework to incorporate human and social behavioral models for egress 548 simulations. In the following, we first discuss the results for possible effects of social behaviors 549 on evacuation. We then discuss our overall framework for the multi-agent based simulation 550 system. Finally, we conclude this section and the paper with a brief discussion on future work. 
